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(54) TOOL STEEL FOR HOT WORKING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide tool steel for hot 
working which, as refined steel after the heat treatment, 
is improved not only in resistances to heat checks and 
melt loss but also in machinability by improving the 
internal structure, hence can remarkably improve tool life 
and its dispersion when machined for producing a metal 
mold by direct carving, and can be given and good 
finished plane by ultramicro-machining, thus decreasing 
the lapping time. 

SOLUTION: In this refined tool steel for hot working 
having a hardness of 45 HRC or higher, the cleanness of 
non-metallic inclusions is JIS dA 0.005% or lower and is 
d (B+C) 0.0020% or lower; the same orientation of 
martensite is in the range of 17-33%; and the structure is 

a mixture comprising lath martensite as the main constituent and 10-30% lens-like or butterfly- 
type martensite. 
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CLAIMS 



[Claim(s)] 

[Claim 1] C:0.28 thru/or 0.55 mass %, Si:0.15, or 0.80 mass %, Mn: 0.40 thru/or 0.85 mass %, below 
P:0.020 mass %, and below S:0.018 mass % Cr: 2.5 thru/or 5.7 mass %, Mo: 1.4, or 2.8 mass %, V:0.20, 
or 0.90 mass %, W:0.01 thru/or 1.65 mass %, Co:0.03, or 0.89 mass %, Contain nickel:0.01 thru/or 1.65 
mass % and the remainder consists of Fe and an unescapable impurity substantially. Ti is regulated 
below to 0.003 mass % below 0.009 mass %, B is regulated for N of an unescapable impurity below to 
0.012 mass %, and the cleanliness of nonmetallic inclusion is JIS. Less than [ dA0.005% ] Tool steel 
between heat characterized by being in the range whose directivity of the martensitic structure after heat 
treatment is 17 thru/or 33% while being less than [ d(B+C)0.020% ]. 

[Claim 2] Tool steel between heat according to claim 1 characterized by having 10 thru/or the 
organization which made it intermingled 30% for the martensite of the shape of a lens, and a butterfly 
mold by making lath martensite into a subject. 

[Claim 3] Tool steel between heat according to claim 2 with which the packet size which has the 
organization which makes martensite a subject and constitutes this martensitic structure is characterized 
by an austenite grain having the size of 73 micrometers or less (they are more than No. 4 at a crystal 
grain number). 

[Claim 4] Tool steel between heat according to claim 3 with which the packet size which constitutes said 
martensitic structure is characterized by an austenite grain having the size of 30 micrometers or less 
(they are more than No. 8 at a crystal grain number). 

[Claim 5] the time of setting [V] and Mo content to [Mo] and setting [ C content ] W content to [W] (all 
being mass %) for [C] and V content — 20>100x ~ the tool steel between heat given in claim 1 
characterized by satisfying the inequality of [C]-22x[V]-3.4x[Mo]-1.7x [W] thru/or any 1 term of 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] If it explains in full detail further about the tool steel between refining heat with 
which a degree of hardness exceeds 45HRC(s), this invention is used for hot-forging metal mold, an 
extrusion mold, or a die-casting die, and relates to the tool steel between heat which controlled heat 
treated structure and raised heat-check nature, erosion nature, and machinability. 
[0002] 

[Description of the Prior Art] As tool steel between heat for metal mold, heat-check nature and erosion- 
proof nature are required. In order to improve both these properties, the improvement of a presentation is 
achieved conventionally. However, since machinability is a property which disagrees with both these 
properties, it improves both sides with this machinability, heat-check nature, and erosion nature, and it is 
difficult for it for it to be compatible. 

[0003] In order that a degree of hardness may exceed 45HRC(s) conventionally with development of the 
latest ceramic tool and a CBN tool, the attempt which transposes a high degree-of-hardness ingredient 
which the grinding process finish-machined to cutting, and raises productivity is made. If metal mold 
can be manufactured by carrying out cutting of the refining ingredient after heat treatment, compaction 
of a delivery date and relief of cost are possible. Manufacturing metal mold by this cutting is generalized 
with the plastics molding-die steel used by 42 or less HRC of degrees of hardness. 
[0004] However, in the high degree-of-hardness steel with which a degree of hardness exceeds 45HRC 
(s) and which it refined, when it is going to carry out cutting, in addition to a tool life becoming short, 
there is a trouble that the variation in a tool life becomes large. If there is variation in this tool life, since 
it will become a failure for carrying out full automation operation of the manufacture of metal mold, 
reduction of the variation in a tool life is the important technical technical problem which must be 
solved. 

[0005] Furthermore, in order to realize short delivery date-ization of a metal mold fabrication, high- 
speed-cutting processing is also considered. However, since [ 400m ] a tool life will become short 
remarkably and the variation in a tool life will become large if it becomes the above cutting speed by /, 
although many prototypes in high degree-of-hardness material have a report, they do not serve as a 
mainstream technique of the whole metal mold manufacture industry. To lessen not an improvement of 
the machinability aiming at the improvement of the tool life and scraps which are performed by many 
old researches but variation of a tool life from such a background is desired. 

[0006] Moreover, since machined surface granularity is bad when carrying out finishing cutting of metal 
mold, it is necessary to carry out wrapping polish processing further in the actual condition. For this 
reason, since it leads to shortening wrapping polish floor to floor time, as a result also becomes delivery 
date compaction and a cost cut of metal mold manufacture, it is a very important technical problem to 
improve a machined surface. 

[0007] Much proposals about cutting conditions are made about cutting of above-mentioned metal mold 
(JP,1 1-1 70 102, A, JP,1 1-1 88501, A). However, the technique with which they have improved cutting 
ability from the organization side raising machinability from a metal mold raw material side although 
many examinations about the presentation of a work material and the effect of a free-cutting component 
were made is not yet proposed. 

[0008] In addition, although it has pointed to detailed-ization of lath martensitic structure in the thing 
about organization control in order to aim at high intensity-ization, without injuring ductility and 
toughness so that it may be represented by ultrahigh strength steel, there is a trouble that degradation of 
opposite side machinability will be promoted. 

[0009] The technique of improving machinability, corrosion resistance, mirror plane nature, and 
toughness is proposed by enlarging the packet size in a martensite base organization recently (JP,12- 
54068, A). However, even if a degree of hardness enlarges a packet size in 45 or more HRCs, the 
improvement effect of a tool life is not expected above and there is a trouble of the variation in a cutting- 
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tool life being large, and worsening the machined surface after a cut. Moreover, big and rough-ization of 
an extreme grain will reduce heat-check nature. 

[0010] Moreover, the improvement of machinability is achieved about the preharden-steel material 
which makes an up bainite organization a subject (heat treatment 39th volume No. 5 the 225-226th page, 
JP,12-54068,A). However, in order to be stabilized and to obtain such an organization, control of the 
cooling rate in a heat treatment process is indispensable, and there is a fault that great heat treatment 
manday is required. 

[001 1] Moreover, by the SCM system which is a low alloy network, the technique of depositing an 
intermetallic compound and securing hardness is proposed (JP,2-179845,A). However, the metal 
textures indicated by this official report are 2 phase organizations which consist of 60% or more of 
ferrite, and a pearlite of the remainder, and since the high degree of hardness of 45 or more HRCs 
cannot be obtained upwards and there are no heat-check nature and erosion-proof nature which are the 
essential property of the tool steel between heat, they cannot say that it has sufficient property as tool 
steel between heat. 

[0012] While improving heat-check nature and erosion nature in the heat treated steel after heat 
treatment by making this invention in view of this trouble, and improving an internal organization The 
machined surface at the time of have improved remarkably the variation in the tool life at the time of 
cutting at the time of improving machinability and manufacturing metal mold by direct engraving and a 
life, and overly carrying out minute cutting is good, and aims at offering the tool steel between heat 
which can shorten wrapping floor to floor time. 
[0013] 

[Means for Solving the Problem] The tool steel between heat concerning this invention C:0.28 thru/or 
0.55 mass %, Si:0.15, or 0.80 mass %, Mn: 0.40 thru/or 0.85 mass %, below P:0.020 mass %, and below 
S:0.018 mass % Cr: 2.5 thru/or 5.7 mass %, Mo:1.4, or 2.8 mass %, V:0.20, or 0.90 mass %, W:0.01 
thru/or 1.65 mass %, Co:0.03, or 0.89 mass %, Contain nickel:0.01 thru/or 1.65 mass % and the 
remainder consists of Fe and an unescapable impurity substantially. Ti is regulated below to 0.003 mass 
% below 0.009 mass %, B is regulated for N of an unescapable impurity below to 0.012 mass %, and the 
cleanliness of nonmetallic inclusion is JIS. Less than [ dA0.005% ] While being less than [ d(B+C) 
0.020% ], the directivity of the martensitic structure after heat treatment is characterized by 17 thru/or 
there being 33% in 22.3 thru/or 28.3% of range preferably. 

[0014] In the tool steel between this heat, it is desirable 10 thru/or to have preferably 10 thru/or the 
organization which made it intermingled 20% 30% for the martensite of the shape of a lens and a 
butterfly mold, using lath martensite as a subject. 

[0015] Furthermore, as for the tool steel between this heat, it is desirable that have the organization 
which makes martensite a subject and an austenite grain has [ the packet size which constitutes this 
martensitic structure ] preferably 73 micrometers or less (they are more than No. 4 at a crystal grain 
number) of sizes of 30 micrometers or less (they are more than No. 8 at a crystal grain number). 
Thereby, heat-check nature, machined surface granularity nature, a tool life, and the tool steel between 
heat excellent in the life variation nature can be obtained. 

[0016] furthermore, the time of setting [V] and Mo content to [Mo] and setting [ C content ] W content 
to [W] (all being mass %) for [C] and V content in the tool steel between this heat, again — lOOx — it is 
desirable that the value of the formula of [C]-22x[V]-3.4x[Mo]-1.7x [W] is 18 or less preferably less 
than 20. Thereby, the variation in erosion nature, heat-check nature, and a cutting-tool life is improvable. 

[0017] In the preharden steel exceeding 45HRC(s), there are troubles, like the life of the cutting tool in 
cutting is short, the variation in a life is large, and a machined surface is bad. However, it became clear 
by this invention person's etc. research that a metal texture has the cause that the life of this cutting tool 
is short, and that a high thing had the resistance at the time of cutting. Moreover, this invention person 
etc. found out that the cause that the variation in a cutting-tool life is large originated in fluctuation of 
the cutting force at the time of a cut being large in the high degree-of-hardness steel exceeding 45HRC. 
And this invention person etc. found out that the directivity of martensite was important as an approach 
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of mitigating these. So that the directivity of this martensite becomes the range which is 17 thru/or 33%, 
control, i.e., when making it suitable [ 17 of martensitic structure thru/or 33% ] in the same direction, the 
variation in machinability can be mitigated or progress of the crack in a heat check can be controlled. 
Moreover, in order to make fine granularity of the machined surface in micro-machining, it is important 
to make crystal grain make it detailed and to control the direction of martensite. 
[0018] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. 
[0019] C:0.28 thru/or 0.55 mass %C dissolve on a base about a presentation at the time of hardening 
heating, required hardening hardness is given, and special carbide is formed between special carbide 
formation elements at the time of tempering, it deposits, and the softening resistance and high 
temperature strength in tempering are given, and a lipobiolite ghost is formed, the abrasion resistance in 
an elevated temperature is given, and it has the operation which prevents big and rough-ization of the 
crystal grain at the time of hardening heating. If there is too much C, the amount of carbide will increase 
too much, the required toughness as a tool between heat cannot be held, and lowering of high 
temperature strength is also caused. Moreover, in order to improve machinability, butterfly martensite 
must not generate too much so much. For this reason, the upper limit of C is 0.55 mass %. If C is too 
low, since lath martensite will increase in number and the above-mentioned addition effectiveness will 
not be acquired, a lower limit is made into 0.28 mass %. 

[0020] Si: 0.15 thru/or 0.80 mass %Si are added, in order to be used as a deoxidation-on manufacture 
element, and to raise oxidation resistance and tempering softening resistance at 500-600 degrees C or 
less according to an application and to get the Al transformation point. If there is too little Si, above- 
mentioned effectiveness is not acquired, and since toughness lowering will be caused and pyroductivity 
will be reduced too much if many [ too ], Si will be taken as 0.15 thru/or 0.80 mass %. 
[0021] Mn: 0.40 thru/or 0.85 mass %Mn have the large effectiveness which dissolves on a base and 
raises hardenability. However, it will anneal, if there are too many Mn contents, and hardness is made 
high too much, and machinability is reduced, and the Al transformation point is made low too much. 
For this reason, Mn content is made into 0.40 thru/or 0.85 mass %. 

[0022] P: In order that below 0.020 mass % P is segregated to a grain boundary at the time of 
coagulation, it raises the segregation of ****** after hot working, reduces toughness, and it may 
segregate to the austenite grain boundary at the time of heat treatment, or may exist in a base further and 
may reduce the level of toughness, it may be 0.015% or less desirably below 0.020 mass %. 
[0023] S: Sulfides, such as MnS, are formed, and it is extended and distributed in the direction of hot 
working, imitate lowering of the toughness of the direction of T, and below 0.018 mass % S is **. As a 
limitation for maintaining the toughness of the outstanding direction of T which is the description of this 
invention, S carries out to below 0.018 mass %. 

[0024] Cr: 2.5 thru/or 5.7 mass %Cr are the most important elements in order to give the hardenability 
needed as a tool. Moreover, Cr controls lifting of oxidation resistance and the Al transformation point, 
forms a lipobiolite ghost further, controls big and rough-ization of the crystal grain at the time of 
hardening heating, raises abrasion resistance further again, deposits special carbide at the time of 
tempering, improves the softening resistance at the time of temperature up, and it is added in order to 
give effectiveness, such as raising high temperature strength. If there are too many Cr contents, Cr 
carbide will be formed too much and lowering of high temperature strength will be brought about on the 
contrary. For this reason, Cr content is made into 2.5 thru/or 5.7 mass %. 

[0025] Mo: 1.4 2.8 mass %W:0.01 thru/or 1.65 mass % - Mo and W are the most important alloying 
elements, in order to form special carbide, and to prevent organization big and rough-ization at the time 
of hardening heating by lipobiolite ghost formation, and to deposit detailed special carbide at the time of 
tempering and to raise tempering softening resistance and high temperature strength. Moreover, Mo and 
W are important elements in order to realize the non-direction-ization of martensite, and in W, in the 
case of Mo, the minimum value in which detailed carbide deposits is more than 1.4 mass % more than 
0.01 mass %. Moreover, when 1.65 mass % is exceeded in W and 2.8 mass % is exceeded in the case of 
Mo, carbide makes it big and rough and there is no effectiveness in the non-direction-ization of 
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martensite. 

[0026] V:0.20 thru/or 0.90 mass %V are powerful carbide formation elements, a lipobiolite ghost is 
formed and the effectiveness of grain refining gives the wear-resistant improvement in an elevated 
temperature greatly. Moreover, detailed carbide is deposited all over a base, and by joint addition with 
W and Mo, the effectiveness which raises the reinforcement in a pyrosphere 600-650 degrees C or more 
is large at the time of tempering, and gives the effectiveness which raises the Al transformation point to 
it. Although it is added in order to acquire the above-mentioned effectiveness, if there is too much V, it 
will form big and rough carbide, it imitates lowering of toughness, and carries out to below 0.9 mass % 
by that of **. Moreover, in order to realize the non-direction-ization of martensite, it is necessary to 
make it contain more than 0.20 mass % like Mo and W. 

[0027] nickel: 0.01 thru/or 1.65 mass %nickel are added in order to dissolve on a base, and to raise 
toughness and to raise hardenability. If there are too many nickel contents, annealing hardness will be 
made high too much, and machinability will be reduced, and too much lowering of the A 1 
transformation point will be imitated, and, for a ** reason, it will carry out to below 1.65 mass %. 
Moreover, if nickel is added more than 0.01 mass %, since big and rough-ization of the carbide of the 
grain boundary can be prevented, it contributes to the non-direction-ization of martensite. 
[0028] Co: 0.03 thru/or 0.89 mass %Co have the operation which dissolves on a base and raises high 
temperature strength. Moreover, raise the solid-solution limit of the carbide to the inside of the austenite 
at the time of quenching heating, and the amount of deposits of the special carbide at the time of 
tempering is made to increase, and condensation resistance of the deposit carbide at the time of 
temperature up is raised, and the effectiveness of improving a high-temperature-strength property also 
from this field is given. Moreover, the oxide skin of precise adhesion is made to form in a front face 
according to the temperature up at the time of the activity of a tool, and the effectiveness which raises 
the abrasion resistance in an elevated temperature and an antiseizure property is given. Although added 
by the object and the application for the above-mentioned object, since too much Co will reduce 
toughness if there is, it carries out to below 0.89 mass %. If it adds more than 0.03 mass % like nickel, 
Co can prevent big and rough-ization of the carbide of the grain boundary, will accumulate it, and will 
contribute to the non-direction-ization of martensite. 

[0029] N: In order that below 0.009 mass % N may deposit A1N etc. and it may worsen a mechanical 
property, it may be 0.009% or less. 

[0030] Ti: In order that below 0.003 mass % Ti may generate TiN and it may worsen machinability and 
a mechanical property, it may be 0.003% or less. 

[0031] B: In order that below 0.012 mass % B may generate BN and it may worsen a mechanical 
property, it may be 0.003% or less. 

[0032] At the refining material by which hardness exceeds 45HRC(s) about inclusion, the cleanliness of 
nonmetallic inclusion is JIS. If more than more than dA0.005%d(B+C)0.020% or both the inclusion of 
dA and d (B+C) become high, since nonmetallic inclusion will increase, the tool edge of a blade is made 
missing, and the variation in a tool life becomes large. Control of the martensitic structure in the 
condition that there is such inclusion cannot improve variation in a tool life. However, in the condition 
with little inclusion, the improvement effect of the variation in a tool life is acquired by controlling a 
component and the direction of martensite (bainite). 

[0033] In the martensitic stainless steel low [ C ] currently indicated by JP,12-54068,A about the 
organization, lath martensite is generated and the organization which improves machinability, and 
corrosion resistance, mirror plane nature and toughness is proposed. However, an invention-in-this- 
application person's etc. research is generating the martensitic structure in which the butterfly mold, the 
lens mold, and the lath mold were intermingled in the tool steel between heat which is the amount of C 
% of high. And in the segregation section, a butterfly mold, or lens mold martensite and carbide generate 
mostly, thereby, a tool life becomes brief, dispersion in a tool life becomes large, and heat-check nature 
gets worse remarkably. 

[0034] Furthermore, in order to raise erosion-proof nature, the lath martensitic structure of C % of low is 
effective. Since it is necessary to reduce the amount of C in a base in order to make it the martensitic 
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structure of C % of low [ this ], it is necessary to specify the content of Mo, V, and W which are a 
carbide generation element. As a result of this invention person's etc. changing various presentations, 
investigating erosion-proof nature and carrying out multivariate analysis (multiple regression analysis) 
of it, when it sets [V] and Mo content to [Mo] and W content is set [ the C content ] to [W] (all are mass 
%) for [C] and V content, 20>100x - by satisfying the inequality of [C]-22x[V]-3.4x[Mo]-1.7x [W], it 
found out that erosion-proof nature could be improved, therefore, lOOx — as for [C]-22x[V]-3.4x[Mo]- 
1.7x [W], it is [ less than 20 ] still more preferably desirable that it is 18 or less. 
[0035] furthermore, lath martensite a subject — carrying out - the shape of a lens, and butterfly mold 
martensite - 10 - or 30%, if it is preferably made 10 thru/or the organization which made it 
intermingled 20%, a tool life is extensible from lath martensite 100%. 

[0036] Moreover, in the high tool steel between heat, in addition to the ability to control the variation in 
the life of a cutting tool for the directivity of the crystal orientation of martensite 17 thru/or by arranging 
to 22.3 thru/or 28.3% preferably 33%, cleanliness can raise the tool life itself and can raise heat-check 
nature further. Furthermore, a eel is made small and there is effectiveness which cleans a machined 
surface remarkable in minute cutting 17 thru/or by arranging to 22.3 thru/or 28.3% preferably 33% 
about the crystal orientation of martensite. 

[0037] By using the subject of an organization as martensite, the resistance at the time of a cut can be 
mitigated and machinability can be raised. 

[0038] Moreover, while the variation in a tool life is improvable by arranging the same directivity of the 
crystal orientation of martensite to 17 thru/or 33%, and making the shape of a lens with comparatively 
low toughness, and butterfly mold martensite 10 thru/or the organization which made it intermingled 
30%, heat-check nature is remarkably improvable. 

[0039] Furthermore, little direction of the carbide in the segregation section is good, and it is necessary 
to lessen inclusion as much as possible. 

[0040] Like ****, there is the approach of forming into lath martensite as an approach of arranging 
crystal orientation. Lath martensite has the inclination which many things of the almost same crystal 
orientation adjoin and generate, and the grain boundary where these lath martensite coalesced makes a 
small angle tilt boundary form. 

[0041] Moreover, the measuring method of the directivity of martensite of martensite, i.e., the amount of 
the same direction, is as follows. That is, in a cross section vertical to the rolling direction of steel, a 
sample is started from the core and steel front face, corrode, a metal texture is made to appear, it gazes at 
a metal texture with a 400 times as many optical microscope as this, and ten photography is performed 
about each sample. And as are shown in drawing 3 , and striping with a die length of 7cm and a vertical 
line with a die length of 5cm are drawn by 5 regular intervals, respectively and are shown in drawing 1 
in each photograph The die length on the segment of the martensite section in which the direction of the 
martensitic structure in a eel enters from a ruled line on each segment at less than **5.0 degrees of right 
and left is measured, this is **(ed) at an overall length (in the case of striping, it is 7cm), and it asks for 
the ratio of the martensitic structure located in a line in the same direction. 

[0042] Or the directivity of martensitic structure may be defined as follows. First, a grid is uniformly 
attached like the squares shown in drawing 3 , and the die length of the martensite section which aligns 
in the same direction at the include angle of less than **5 degrees is measured. What inclines within **5 
degrees to this measurement direction regards it as the same direction, and it is shown in drawing 1 - as 
- measurement die length (L) — setting - the die length of martensitic structure parallel to this 
measurement direction within **5 degrees, i.e., the sum of Al and A2, — asking ~ this — measurement 
die-length L --**** — the directivity of martensite is defined by things with the ratio of {(A1+A2) /L} 
xlOO. In addition, in the crystal grain of Al and A2, the direction of martensite is the same (less than 
[ **5 degree ]) with the measurement direction, and the direction of martensite presupposes that it was 
not the same as that of the measurement direction in the crystal grain of Bl. Therefore, generally this 
ratio can be expressed as {(die length of organization in which direction of martensitic structure has 
identity of less than **5 degrees to measurement direction) /(measurement die length)} xlOO. 
[0043] if all eels are the same directions, it is shown in drawing 2 — as — the directivity of martensite - 
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0% - or it becomes 100%, and if it is just over or below 25%, if it is 17 thru/or 33%, it can be said that 
it is isotropy mostly, for example. In this case, if it cuts to the crystal orientation of martensite, and 
parallel, machinability will improve. However, if it cuts vertically, cutting force would become high, the 
finished surface would turn up, and a life will fall. Cutting needs to cut without the direction of 
martensitic structure, and relation. In order to acquire the stable life, it is important at all include angles 
that the directivity of martensite is equivalent. In order to realize this, it is so desirable that crystal grain 
is detailed, and, thereby, martensitic structure tends to serve as isotropy. 

[0044] If it heat-treats, it will become the organization of martensite or bainite. The crystal orientation at 
this time is decided considering detailed carbide and inclusion 1 micrometer or less as a nucleus. 
Moreover, a bainite texture tends to generate along the grain boundary, and is in the inclination to 
incline in the same direction. If it inclines in the same direction as shown in drawing 2 , it will become 
100% like A tangent, or will become 0% like B tangent. In this case, when carrying out cutting in the 
direction of A in an one direction, machinability is good, but when becoming vertical like the direction 
of B, machinability gets worse remarkably. If the direction of martensite becomes vertical to the cut 
direction especially, a machined surface will worsen. For this reason, it is necessary to attain the non- 
direction-ization of martensitic structure. 

[0045] In order to realize the non-direction-ization of this martensitic structure, it is necessary to build 
many martensite deposit sites. For that, it is important to make homogeneity distribute detailed inclusion 
and carbide. Since conventional steel is not taking considering as the non-direction-ized organization 
into consideration, it is the factor in which a tool life surely differs. A ratio {[ (the die length of an 
organization in which the direction of martensitic structure has the identity of less than **5 degrees to 
the measurement direction) ] / [ /} (measurement die length) ] xlOO which show the directivity of 
martensite for direction[ non-]-izing of this martensitic structure are preferably made 28.3% or less 33% 
or less. The field which is, on the other hand, it easy to cut that a ratio {[ (the die length of an 
organization in which the direction of martensitic structure has the identity of less than **5 degrees to 
the measurement direction) ] / [ /} (measurement die length) ] xlOO which show the directivity of this 
martensite are less than 17%, and the field which is hard to cut are made, a level difference is made 
upwards in a finished surface, and a tool tends to receive sudden breakage. For this reason, a ratio {[ (the 
die length of an organization in which the direction of martensitic structure has the identity of less than 
**5 degrees to the measurement direction) ] / [ /} (measurement die length) ] xlOO which show the 
directivity of martensite are preferably made 22.3% or more 17% or more. 
[0046] Even if it makes crystal grain make it big and rough in the condition that there is 
microsegregation, carbide, or inclusion so much in the case of the steel, with which the magnitude and 
hardness of crystal grain exceed 45HRC(s), there is no improvement effect of cutting-tool life extension, 
and the variation in a cutting-tool life is large. On the other hand, if inclusion makes crystal grain 
detailed with 75 micrometers or less (No. 4) in a small amount of ingredient, an improvement effect 
with remarkable machinability will be accepted. These causes are in a micro level difference occurring 
and the edge of a blade of a tool chipping with crystal grain etc., when the directivity of martensite and 
bainite changes. Since micro level difference generating can be controlled as crystal grain is 75 
micrometers or less, there is extended effectiveness of the improvement in a finished surface and a 
cutting-tool life. Moreover, if crystal grain is made detailed to 42 micrometers or less (more than No. 6) 
(especially 30 micrometers or less : more than No. 8), heat-check nature is improvable, the variation in 
machinability will be controlled, the life of the stable cutting tool will be acquired upwards, and the 
improvement of the machinability itself will be accepted. Furthermore, a machined surface becomes it 
beautiful that crystal grain is detailed crystal grain 30 micrometers or less (grain size number: more than 
No. 8). 

[0047] The elevated-temperature soaking etc. is carried out as front heat treatment by relief of a 
segregation etc. However, if an elevated-temperature soaking is carried out, in order that the crystal 
grain after quenching and tempering may make it big and rough, in the case of the steel exceeding 
45HRC, machinability gets worse. Furthermore, elements of the segregation section, such as C, Cr, Mo, 
and V, are spread in the non-segregating section, the martensite of the lens mold which deposits at C % 
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of high, or a butterfly mold generates on the whole surface, with the ingredient exceeding HRC45, the 
resistance at the time of a cut becomes high, and machinability gets worse conversely. 
[0048] Even if it makes crystal grain make it big and rough in the condition that there are 
microsegregation, carbide, and inclusion so much without carrying out front heat treatment, the variation 
in a tool life becomes large in a top with little extension of a tool life. On the other hand, if more than 
No. 6 is made to make crystal grain detailed in a small amount of [ carbide and inclusion ] ingredient 
(especially more than No. 9), the variation in a tool life can be suppressed, and the variation in this tool 
life will improve more remarkably than the ingredient which there is [ ingredient ] inclusion and made 
crystal grain make it big and rough, if it averages. Moreover, if inclusion makes crystal grain of few 
ingredients detailed, it will become good [ a machined surface ]. 

[0049] The optimal grain size number is more than No. 9. However, if crystal grain is made detailed too 
much, progress of a crack will become quick and heat-check nature will worsen. Moreover, big and 
rough-ization of crystal grain becomes the cause produced [ crack ]. 

[0050] In addition, if crystal grain is made to make it big and rough in the condition that inclusion is 
little, it is possible to suppress the variation in a cutting-tool life and a cutting-tool life. On the other 
hand, as shown in the following table 1 (Inoue: the 68th page of April, 1989 metal special issue), since 
big and rough-ization of crystal grain causes [ of a crack ] generating, it is inapplicable to the tool steel 
as which toughness is required. As the aluminum extrusion dice with which toughness is demanded, the 
cutter between the colds, the press die between heat, an aluminum dies casting mold, the stem for 
extrusion, etc. are especially shown in the following table 2 with the tool steel between heat, it is 
important to make particle size detailed. 



[0051] 
A table H 












8~1 2 






5~8 






3~5 






3«T 






[0052] 
[A table 21 










1 0~7 




9~6 




8~5 




7~4 





[0053] If front heat treatment is carried out at an elevated temperature in the tool steel between heat of a 
high C high Cr system about heat treatment Elements of the segregation section, such as C, Cr, Mo, and 
V, are spread in the non-segregating section, and the martensite of the lens mold which deposits at C % 
of high, and a butterfly mold generates on the whole surface. With the ingredient with which a degree of 
hardness exceeds HRC45, the resistance at the time of a cut becomes high, machinability is worsened 
conversely, and erosion nature, heat-check nature, and toughness fall. 
[0054] 

[Example] Hereafter, the effectiveness of the example of this invention is concretely explained from the 
range of this invention as compared with the example of a comparison from which it separates. The 
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presentation of a test specimen, the directivity of martensite, etc. are shown in the following table 3 and 
a table 4. formula 100xC(%)-22 [ in addition, ] the "formula" column indicates a martensite 
characteristic to be in a table 4 it is the value of xV(%)-3.4xMo(%)-1.7xW (%). Each test specimen 
which has the presentation shown in this table 3 and table 4 was ingoted at lOkgVIF furnaces (vacuum 
induction heating furnace), the ingot was forged so that it might become the configuration of 
40x80x250mm, and it annealed and processed at 830 degrees C. Moreover, for all ingot material, the 
cleanliness of nonmetallic inclusion is JIS. It is less than [ dAO.005% ], and is less than [ d(B+C) 
0.020% ], and the aspect ratios of carbide are 1.3-1.0. in addition, the column of the inclusion of a table 
4 -- setting -- "~ it is - " - annealing material - setting -- the cleanliness of nonmetallic inclusion -- JIS 
the cleanliness of nonmetallic inclusion [ in / it is the case where the conditions of less than / 
dAO.005% / or a not more than / d(B+C)0.020% / are not fulfilled, and / with "it is nothing" / annealing 
material ] - JIS While being less than [ dAO.005% ], it is the case where it is less than [ d(B+C) 
0.020%]. 
;0055] 
A table 31 





A 


k» (a 


ft%) 


C 


S 1 


Mn 


P 


s 


C r 


Mo 


V 


W 


Co 


N I 


T 1 


B 


N 


SI 


CD 6 1 


0*40 


1.00 


0.40 


0.006 


0.001 


5.04 


1.27 


0.55 


0.002 


0.04 


0.15 


0.001 


0.001 


0.002 


ifc 

ft 


1 


0.40 


1.20 


0.32 


0.008 


0.001 


5.04 


1.10 


0.85 


0.002 


0.03 


0.15 


0.001 


0.001 


0.002 


2 


0.32 


0.35 


0.28 


0.004 


0.003 


5.90 


1.65 


0.50 


0.010 


0.03 


0.06 


0.002 


0.009 


0.003 


3 


0.28 


0.55 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.003 


0.03 


0.04 


0.001 


0.004 


0.002 


4 


0.28 


0.75 


0.70 


0.002 


0.004 


4.85 


1.45 


0.10 


0.80 


0.30 


0.45 


0.002 


0.003 


0.006 


5 


0.40 


0.15 


0.40 


0.008 


0.001 


5.04 


1.50 


0.85 


0.002 


0.10 


0.15 


0.001 


0.001 


0.002 


6 


0.55 


0.23 


0.70 


0.002 


0.004 


5.00 


2.80 


0.10 


0.200 


0.30 


0.45 


0.001 


0.003 


0.006 


7 


0.37 


0.20 


0.50 


0.006 


0.002 


5.10 


2.80 


0.50 


0.120 


0.09 


0.01 


0.001 


0.004 


0.003 


8 


0.31 


0.36 


0.50 


0.004 


0.003 


5.20 


1.65 


0.50 


0.010 


0.03 


0.06 


0.001 


0.009 


0.003 


m 
to 


9 I 


0.37 


0.15 


0.50 


0.009 


0.018 


5.70 


1.65 


0.50 


0.190 


0.03 


0.45 


0.001 


0.006 


0.004 


1 0 ! 


0.28 


0.30 


0.85 


0.008 


0.008 


2.60 


1.42 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.009 


1 1 i 


0.35 


0.35 


0.50 


0.004 


0.003 


5.20 


1.65 


0.50 


0.022 


0.03 


0.06 


0.001 


0.009 


0.003 


1 2 


0.46 


0.75 


0.78 


0.005 


0.003 


3.80 


1.53 


0.90 


1.65 


0.89 


0.81 


0.003 


0.005 


0.004 


1 3 


0.30 


0.80 


0.75 


0.020 


0.006 


4.50 


1.40 


0.40 


0.540 


0.05 


0.05 


0.003 


0.005 


0.004 


1 4 


0.35 


0.65 


0.50 


0.016 


0.012 


4.80 


1.70 


0.65 


0.021 


0.05 


0.02 


0.003 


0.012 


0.002 


1 5 


0.37 


0.45 


0.40 


0.018 


0.006 


5.10 


2.30 


0.55 


0.120 


0.08 


0.02 


0.001 


0.004 


0.003 


1 6 


0.31 


0.30 


0.85 


0.015 


0.008 


2.80 


1.40 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.009 


1 7 


0.40 


0.30 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.025 


0.03 


0.04 


0.001 


0.004 


0.002 


1 8 


0.35 


0.25 


0.40 


0.008 


0.008 


5.15 


1.43 


0.30 


0.022 


0.03 


0.03 


0.002 


0.010 


0.002 


1 9 


0.55 


0.30 


0.85 


0.015 


0.008 


2.50 


2.80 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.009 



[0056] 
[A table 4] 
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ft 
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8 
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47.5 


UL 


18.0 


10 


8 


23 


15.4 


3 


46.9 




27.0 


14 


7 
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20.4 


4 


47.5 


»o 


18.3 


29 


6 


45 


18.6 


5 


48.0 




32.0 


10 


4 


78 


17.0 


6 


48.5 


UL 


12.0 


2 


4 


80 


39.1 


7 


46.5 


UL 


40.3 


35 


5 


56 


16.3 


8 


47.5 


UL 


60.4 


2 


4 


70 


14.4 


m 

09 


9 


47.0 


UL 


17.2 


2 


3 


172 


20.1 


1 0 


46.5 


UL 


23.1 


2 


4 


75 


18.6 


1 1 


48.0 


UL 


24.6 


10 


4 


70 


18.4 


1 2 


47.0 


UL 


23.6 


14 


6 


48 


19.0 


1 3 


47.0 


UL 


28.3 


20 


8 


30 


11.8 


1 4 


48.0 


UL 


24.0 


10 


8 


18 


9.7 j 


1 5 


47.0 


UL 


22.3 


13 


8 


30 


18.0 


1 6 


48.0 


UL 


21.5 


10 


8 


35 


45.8 


1 7 


47.0 


UL 


23.2 


14 


6 


42 


20.3 


1 8 


46.5 


UL 


28.0 


29 


4 


68 


23.5 


1 9 


48.0 


UL 


33.0 


2 


4 


67 


45.6 



[0057] Assessment of a raw material adjusted hardness to 46HRC(s), temper processing was carried out 
twice [ 500-670 degree-Cx 2 hour x ] after 980-1050 degree-Cx 30-minute quenching, and it carried out 
indexation, having used the engine performance of the raw material of SKD61 as 50, and compared a 
cutting-tool life, machined surface granularity, heat-check nature, and erosion nature with this 
characteristic. Moreover, the variation in a tool life evaluated the rate of the variation in a cutting-tool 
life by the percentage. 

[0058] The life of a tool was carried out until assessment of machinability is a part for rotational-speed 
520rpm and 40mm/of delivery, and 15mm of slitting shaft orientations in the TiN coating end mill of a 
high speed steel with a diameter of 10mm, is 0.5mm of radial, carried out side-face processing in dry 
type, judged the consumption condition of a tool in 2m, and broke or it fused. Moreover, the value of Rz 
of surface roughness estimated machined surface granularity. 

[0059] Crystal grain was based on the grain size test approach by JISG0551, and the diagnosis by the 
crossover segment by convention of the attached document 4 of this watch. 

[0060] The heat-check trial heated the test specimen with a diameter [ of 30mm ], and a die length of 
50mm in high-frequency induction heating, when skin temperature amounted to 650 degrees C, it 
poured water, it repeated the processing cooled to 50 degrees C 100 times, and measured the die length 
of a crack. 

[0061] Within the container which heated ADC 12 generally used by dies casting at 650 degrees C, 
assessment of erosion nature agitated the raw material with a diameter [ of 5mm ], and a die length of 
30mm by 500rpm, held it for 20 minutes, and measured the amount of consumption of a raw material. 
[0062] These test results are shown in the following table 5. 
[0063] 
[A table 5] 
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[0064] There is no effectiveness that they will control the variation in the life of the effectiveness of 
raising the average life time of a cutting tool, and a cutting tool, like SKD61 of a table 5 and the 
example 1 of a comparison if components, such as a component of SKD61 in JIS as shown in a table 3 
and a table 4, and Si, Mo, and the amount of inclusion separate from claim 1 . However, if these satisfy 
claim 1, like an example 9 thru/or 19, according to the improvement effectiveness and its variation 
depressor effect of a cutting-tool life, the variation in a tool life will become 1/2 or less, and a tool life 
will become 1.6 or more times. 

[0065] Furthermore, like satisfying [11-18] claim 2, i.e., examples, if the shape of a lens and butterfly 
mold martensite are made intermingled 10 to 30%, rather than examples 9 and 19, the variation in a tool 
life and an average tool life are further improvable 20% or more, compared with the present ingredient, 
the variation in a tool life can be raised or less to 1/2.8, and average life can be raised to 2.0 or more 
times. 

[0066] Furthermore, claim 3 can be satisfied, and by restricting crystal grain to 73 micrometers or less, 
as shown in examples 11-18, machinability can be improved further again. Moreover, if 42 micrometers 
or less, the variation in machinability can be raised by 3.6 or more times like examples 13-17. Moreover, 
heat-check-proof nature improves by 1.8 or more times. Furthermore, if 30 micrometers or less, the 
finished surface after a cut will improve more than twice like examples 13-15 further. 
[0067] moreover, 20>100x -- erosion-proof nature improves 1.7 times like examples 10-15 by satisfying 
the inequality of [C]-22x[V]-3.4x[Mo]-1.7x [W]. Furthermore, if the value of said formula is made or 
less into 18, erosion-proof nature will improve more than twice. 
[0068] 

[Effect of the Invention] according to [ as explained in full detail above ] this invention — the cleanliness 
of nonmetallic inclusion — JIS considering as 0.020% or less by d (B+C) less than [ dA0.005% ] — 
moreover, while a tool life is extensible by limiting the directivity of martensite to 17 thru/or 33% of 
range, the variation in a cutting-tool life can be controlled and erosion-proof nature and heat-check 
nature can be raised. 
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h*^=SrS2fflffl^T-fo , 3, 45HR 

[0012] *fHWi*«36»6iaiaStc«*T*3<tfct 

o?*-)t. rtMM»aaM-*£fcfcj:9, guest* 

[00 133 

li. C : 0 . 2 8ft£0 . 5 5»*%, S i : 0 . 15 
ft^O. 8 0SCM%. Mn : 0. 40ft^0. 8 5S« 
%. P : 0 . 0 2 OM&X&T. S : 0 . 0 1 8®M% 
filT, Cr : 2. 57!jM5. 7@«%. Mo : 1 . 4ft 
S2. 8S4%. V:0. 2 0ft£0 . 9 0»ft%, 
W: 0. 0 1JS1. 6 5fi%, Co : 0. 03ftS. 
0. 89S*%. Ni : 0. 0 17S1. 6 5f«%fc 

l . atttfgumc f e atPRfiawttw* <5>* 
o . ^wmimnm o . o o 9H»%ot. t i 

SO. 0 0 3Hft%OT. BSrO. 0 1 2«fi%felTK 
S$|J U . ^^S^ffiB^)j*»S# J I S d A 0 . 0 0 
5KJ21TC. d (B + C) 0. 0 2 0%J2TF?ft6fcft 

33%. i?4L<ti22. 3AS28. 3%aKH£& 

[0014] ^^mr^fflfcfc^Ttt, 7X7;|/fy 

f^t-f hSrl 0ftM30%. »*K»il 0JS2 0 

U\ 

[0015] SC> wOffiTBIXMIMU W>i->( h 
T ( &&&mX'4 #J3U: ) , #* L < U 3 0 ju mOT 
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4 

( ttM»^T8#J2U: ) Xfc^Tt* Z t Wtt* 
U\ CinfcJ:'), t-b?-xy?tt. tt±tfffiffl$ 

tt. aif-eco^A'^^^tttcg^i^i 
[0016] jEfcifc. zommuumzinvz. 

[C] , V^WJit [V] . Mo««U [M 
o] . W£*Sfc [W] (WfffcfcM*) fcUrfc 

100x[C]-22x[V]-3.4x[Mo] 
-1. 7x [W]*«*>tfc&»2 0*». *F4L<ttl8 

io iarcft*ii:*w*u». ^mcto. mitt, t- 

[00 17] 4 5HRCSri8i4rWN-K>'«!t:*jv> 
tt. 4 5HRCSrai*aSa««H£*J^T, fflfflia* 

20 *w<9"/*tf**»MB&* mmnmmwsm 

WWOftWHTefc * Z t & Lfc. :«7;Pfy 
1M h Otf ffltttf 1 7 7VM 3 3 %rtffl£ft hi. r> £M 

S 3 3 %* { |al-^(6itc(6i< J: o izi-h d k t i 0 . «RHQ 
tt^^-y^tg^L^O. t-hf-x-y^T'O^^'y 

miit±im<r)mz$:mfr<?&tzMz&. ta&m 

[0018] 

[»W«BSW«»] «T. **flfc:ovvc. S(cS» 
[ o o 1 9 ] figicovvr 

C : 0. 28^0. 5 5«4% 

c itmjxiim%izmmzffi®Lxm%®}ji®z z 

4t«lt,t*Li^l«^^JS7c3gfc<OSfc^ 
«ft»t»*LT«flBt. mtZUztm&VUffiBLb 

mm?*, cwztzitmm&tmmzmn 

(i. tWH-ViVrWA YtfiZmiZ&s8LV&%X\i 

\^rttw zotztb. c<7>±mmito. 5 5®*%t$> 

JJEaSW»«* t »^*i.'SrVW. TIRffltO. 2 8©ft 
50 [0020] S i : 0. 1 5ftM0. 80®ft% 
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fcfflafcjetHKfctt&tf 5 oo~6o omrw>« 

jMEtc«TS-*&*rC. SiliO. 157blO. 8 0« 

[0021)Mn: 0. 4 0ft£0. 8 5Kk% 
M nttSJftCm LT«Ailtt*S*>& JWfttf** K 

u>l , m ntfHuwrt tm mmz 10 

fc<t£. dco^ft. Mn-t«{i0. 4 07S0. 8 
CO 0 2 2] P : 0. 0 2 0«*%WT 

pa, mmmzmi. wmaxmmmm 

mmmzMtfitz*). mzmizttLxmo* 
mt&TZitht:*). o. 0 2 0«»%ot. mi< 

it. 0. 01 5%UTbt&. 

[00 2 3] S : 0. 0 18«*%OT 20 

sum n s9®mufc*»& u %muxmt,zmsx 

#*U T^«>Ott*>ffiT£*ta<. 
X. Sito. 0l8M%JaTk-t*. 

[0024] Cr : 2. 5J^5. 7«M% 
*fcSE$OT*T**. Crtt. BKfcttftlfA 

fcfcfcWlllSft.* . C r IfKXtfi&tXt b Crftflfl* 

C1<0^. Crt«ti2. 7SCS%it 

[00 25] Mo : 1. 4flS2. 8®ft% 
W: 0. 0 \TjK\. 6 5®4% 

Moatww«i«flsftt»jftt6fc^>"c. se^tt 
m b iwz$m%immm&fiiti u m^b im. 40 

S. Mo3tf/W(2, -TA^VIM h<0*l^bfr 

m-thtzMzmwjTmx'h*) . ma^mmmta 

•tl*.tiMtf* W<7)if£te0. 01©*%ULh, Mo<0 
*£Jil. 4%&%&±Xbl. itz. w^Cl. 
6 5M&%ZMz-. Mo 2. 8«4%£jg;c.i> 

[00 26] V:0. 2 0BS0. 9 0«ft% 
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6 

mWztfftZlt.WRlfMobnmWdMZX*). 6 0 
0-6 5 O'CULb^ffl^-C^SS-iS?^^^**^^ 

*rtHfc*JWJ"f*»Ctt, 0. 2 0M%J^^W$-li-|» 
[ 0 0 2 7 ] N i : 0 . 0 mm 1 - 6 5ftl% 
f&lZffihaHtll. N i**ft**#tr*i:, 

u mmmz&TZit. tKAi% 

J»jft<Oii**>fiT**fc<fc*>, 1. 6 5S*%OTt 

•f*. Ni£0. om*xja±»airt-*i:. « 

[0028] Co : 0. 0 37bM0. 8 9«*% 

mzis>t>. mbL^m^mmtamim^ 

JD$^3^, ^ri>i:SJtt$rffiT§*l > ^'C0. 8 9 
MtX&Tb**. Coil NikfflWcO. 03«* 

%&±mu?2>b. &mm%mm*tt.zm±x 

[0029]N:0. 00 9®*%OT 

0. 0 0 9%JMTi:-n>. 
[0030]Ti:0. 00 3@ft%tiT 

Tiii. Ti N*4j«u mmbWMtmmzimkz 

0. 0 0 3%OTt"f§. 
[003 1 ] B : 0. 0 1 2««%OT 

0. 0 0 3%OTfc-TS. 
[ 0 0 3 2 1 ftfttlfcOVVS 

®$*<4 5HRC?:Sxl.iB^}t'«, It&mWlM 
mn&tfJlS dAO. 005%fclhd (B + C) 
0. 0 2 0%feLhi:. dAtd ( B+C ) <7>mitWto<?> 
\vftllrtmtthb. QMit10lUfi*<*h1&) 

tz. xmatzzifZit. ift#^A'7'^^i< 
m^mm\t. xmtiwov^&zmthzbtfx 
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1 0 0 3 3 ] |Htt£2kYg. 

ftBPFl 2-54 0 68 WSKIi^Sft-O^ffiC?) 

ft* LTV*. *LT. flWSTIi, A^75-fSXI4 
[ 0 0 3 4 ] «c. ffl*Stt*l^^*fc*>fctt. (S 

[C] . V£«£ [V] . MottMZ [Mo] . W 20 

[W] (vvtffifcMt%) fcUfei:*, 2 0> 
100x[C]-22X[V]-3. 4x[Mo]- 

i . 7 x [w] nwf&tm&tizbtzj; o, mm. 

ttfcW-tC&iifcfcJLVvCLfc. fl&oT* 100X 
[C]-22x[V]-3. 4x[Mo]-l. 7x 

[w] «2 o*«. mzmi<iti8&TX'b&zt 

[0 0 3 5]Hfc, h££ftfcU U 

y X«X(i^ S v;Pt flM h S: 1 0 AM 3 0 

»4L<ai 07b£2 0K^§tffcfflW(c*4 30 

v/kfyt^ hOttrt#ffi<0#rttt£ 1 77bM3 3 X, 
$?*t<(i22. 3JS2 8. 3K(Cll£4£i:fc:J: 

fc. t-^xy?te£|6]±3-£S 6. Jt 

fc, -fe/Mr:>h$< U ^fVt-i htf>teft#<ite 1 7 
ft^3 3%. #2L<tt22. 37b£2 8. 3XC&U. 40 

[0037] »±Mv;Pfyt>f biz-t&zbiz 
[ 0 0 3 8 J it: , ~?)\n-y*H YOtetisHMM-Vi 

1 7^3 3%G.mtx* wmmwmwy 

X#X\W7=74mr?)i>Ty*M hi 1 0ftS3 0% 

*mmthzti?x'*z>tmz. t-hf-x 50 



^2003-268486 
8 

[ 0 0 3 9 ] »=, mnWcft««MUMi, 
[0040] .Bfcor k < . ISA jrtt&JM. L 

[0041] at. h«*rttt, ep*>. n 

-UtowjuryM hmam&mti&Tnkti'vx' 
hi. mcosmumzmm^mm^a^x . z 
<n*<t>kwm$mkfr$>fflPfem\)!,L. m-kix&& 
*n*tasi3-&. Aoofeeymmmkx&mmmwL 
*u ««hko^"c 1 omco^mmzno. *i 

X. 03fcSrr«kdK. *SWcfcVvc, £$7cm<9 
StISi: . £3 5 c m<r>mkk S\ 5*«RmiT9l 

nrt-w-i YwmmftMt* m*6£&±5. o- a 

(«itf, «»«*^i47cm) tULT, PI 
[ 0 0 4 2 ] XWu JilTtf) J: 3 LT . v^fVt-f h 

(L) fctJV^T, £»S!l^[6li:TO^ (±5* Ort 
T) DVfWA haHKO^S, IP*>A1 1 K2k<rM 
*m>. ZtiZMfeZZLX-m-Zklziir). -?>\n-> 

*M hVUfomK { (Al+A2)/L) X100(0 
Jt^cJ:0^«$n5. ^rfc. Al kA2cr,^mzii 
V^T, VArf-yiM h^nAWSSTAfcH- (±5* 
I3WC) T-J) 1 ?, B l coteStetrtev^Tli. v/i^fy^- 

<0*l6l* i aS^5-|6lK:WL±5* Jart<OBHtS-t>offl« 
OAS ) / (SS^fiS ) } x l 0 0 k$k?Z ktfX* 

[0043] £X<?)*:)ljpffl-1j}p\X'btltf. 02fc^ 
TXolz* *?fl,T>*H WHftm^ 0%t>\ Xtil 
0 0%C^rOs 2 5%fr^-C'S>iHS', «itr. 17J!jM 

3 3 %X'bti\i, iz&mn'&X'b hk^tz. z <r>m^ 
iz. ~?)Vt>w wm&tifokTmzmnhk. m 
imtm±-ti. mizqmthk. mmm 
im<%*). &±.mtfB<%it:±.iz. m$im.T? 
h. OMtoLnx?nrt-y*4 bimn-fifakffl&KUz 
Wffifrhzkv-mx-bb. zz.iKmzmtzthiz 
a. $>wzfijg.X"?)\sryi)-'( hco^mm^x-b 
zzktfmmx'hz. ztitm-i-u&itzti* ^fle 
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[0044] JKMH*ltftt6 t s v/Wx>"lM hX(i 
14+4 Wimb%&. ZObZOta&Ufoli. 1m 

tz. 14+4 hmtimm#iz®-?x$Lfct&®totf 
m-nfiizmzt. A&&<D£dt,zioo%iz%hfi\ 

XteB%mcD£dl l ZQ%t%&. ZCO^iZ, AjftolZ 

-mtzmmxi-ii8&\t, mmtfMfx-JbZff. io 

[0045] ^W^fyf'f bffl^<7)^[6]'ft;5-^S 

S) / > X100£33WR ff* U< 

tt2 8. 3%OT£-f&. — #, £*>VJkfyiM 

*|6ltc»L±5- JJW<0BHt£fc-3«*fc>fi3) / 
(IKJt8) I x 1 00*51 7%*StT&*fc. flJfflL 
W>B k Vffl t fc < v WCS . ittmtzfS&tfX'Z 

v;Pf >~«M h0)#fflte£jjrtJt$ ( ( •?A> s rV*t4 Y 

w&nii\ftifim%.iimznL±5' jartopmtto 
mmcoMz ) / (ggjgjts > ixioon 1 7%« 

[00461 ttfttt^*»g 

*?*48fifcfcWC, tSftft£7 5^mOT (4#) 40 

&t^-:M h nHfam^hl ZklZ±L S ? oW 

S . tiJMfcP 75/i mWTTfcS fc , 5 9 oWfrSHH 
££JWf&di#-CSI>*:#>, -tt±ffli*n±t^i|Xft 
^Og^mtf&S. ifeaS$-4 2)umWT 
( 6»J2U:) (CttMfl: ( KMC 3 0 m mJJlT : 8#J2LL> 
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1 0 

»ffjtt@ft^tt#*5isi6<bits. set. mmmou 

tt±WTB#KWc**. 

[0047] (i«r^OlS«fcli. ttJRHfflfc LT, Xfl 

^tstaw* k , tiixtm u^*sa«#a*fc tx i 
tow. 4 5HRcmtimm&&te. mm# 
mtti. si:, mtf&<?>c. c r> mo, vmnitm 
mmtfmz&t&i. &c%xifiiii?&\symw 

7y4WWV+V+)-4 b#£ffiC±j£U HRC4 5 

rt, x^m^nm^tfi^^iz. xmftnrtjy 
ZtUZitL. mfamfit&Mfi&k 

x-bhmuzte^x. ^ B B a a$r6#ULh^«fflfl: mz 
9#iy_h) xm$«r>rt7v*zwthzk 
tfx*. z<r>xm$«?>*yv*lt. ^mhk. -ft& 

wbr>xm&mnMLZ#t:tim o t»^L<a# 

hk. it±ifm^mk^:h. 

[0049] mzmamnt. 9w\tx'bh. u*» 

[ 0 0 5 0 ] frfc, ^tt»*«^*-C*6«ll"CISifta* 
ISm (#±: 198 9*4^«BWW!^»6 8 

4**xvm, fiitimzT&mizii^xte. rte^2^ 

[005 1 ] 

[*i] 







8-1 2 








3-5 




3£TF 





[0052] 
[^2] 
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1 1 


1 2 






10-7 




9-6 




8-5 




7-4 





[ 0 0 5 3 ] fMUifcoVvr 

»c*cr»«aRBiijMiuc*jv»T. Mswaa^iat- 10 
nittsi:. «wa*>c, cr, mo, v&oxmm 
ammzm.L. nc%xm-thvyxm.w^7 

4 5^mi imwtmRamtfm<* o . mm 
tmzmtzv. musts t-^^i ai^sstt 

[0054] 

[90101] WT» *IB8«llit»^«S»t:ov^. #8 

ti, hJE&Sr^-riU OOxc (%) -2 

2 XV (%) — 3 . 4XMo (%) -1 . 7XW (%) 



*fffl*£ 1 0 k g V I (X&RftftllffiP) izxmm 
U 4 0X80X2 5 0mm(7)Mt:5:5J;p(: 

e&u 8 3ox:T«i***waaLfc. £to 

fflHtttt* ^JStfrft^jt^S^J IS dAO. 0 
0 5XI2TFC. d (B+C) 0. 0 2 0%WTT* 1 3. 
MM^T^^hittfl. 3-1. 0T**>i>. 

*4^hHfc«at*jv^T, r &0j bit. mz%*i 

tffcfcwc, It&gft&fatorm&tf. J 1 s dA 

0. 0 0 5%WT, d (B + C) 0. 0 2 0%UIT<9^ 

dAO. 0 0 5%JaTC**fc*C. d (B + C) 
0. 0 2 0%aTX'h&Wr£X'b$>. 
[0055] 
[^3] 



torn 


ftft (ESS) 


C 


S I 


Mn 


P 


s 


C r 


MO 


V 


W 


Co 


N 1 


T 1 


B 


N 


SKD6 1 


0.40 


1.00 


0.40 


0.008 


0.001 


5.04 


1.27 


0.55 


0.002 


0.04 


0.15 


0.001 


0.001 


0.002 




1 


0.40 


1.20 


0.32 


0.008 


0.001 


5.04 


1.10 


0.85 


0.002 


0.03 


0.15 


0.001 


0.001 


0.002 


2 


f0.32\ 




0.28 


0.004 


0.003 


5.90 


1.65 


0.50 


0.010 


0.03 


0.06 


0.002 


0.009 


0.003 


3 


0.28 


0.55 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.003 


0.03 


0.04 


0.001 


0.004 


0.002 


4 




0.75 


0.70 


0.002 


0.004 


4.85 


1.45 


0.10 


0.80 


0.30 


0.45 


0.002 


0.003 


0.006 


5 


0.40 


0.15 


0.40 


0.008 


0.001 


5.04 


1.50 


0.85 


O.002 


0.10 


0.15 


0.001 


0.001 


0.002 


6 


0.55 


0.23 


0.70 


0.002 


0.004 


5.O0 


2.80 


0.10 


0.200 


0.30 


0.45 


0.001 


0.003 


0.006 


7 


0.37 




0.50 


0.006 


O.002 


5.10 


2.80 


0.50 


0.120 


0.09 


0.01 


0.001 


0.004 


0.003 


8 






1 0.50 


0.004 


O.003 


5.20 


1.65 


0.50 


0.010 


0.03 


0.06 


0.001 


0.009 


0.003 


« 


9 


0.37 


0.15 


0.50 


0.009 


0.018 


5.70 


1.65 


0.50 


0.190 


0.03 


0.45 


0.001 


0.006 


0.004 


1 0 




JA 


0.85 


0.008 


0.008 


2.60 


1.42 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.009 


1 1 




^0.35. 


> 0.50 


0.004 


0.003 


5.20 


1.65 


0.50 


0.022 


0.03 


0.06 


0.001 


0.009 


0.003 


1 2 


0.46 


0.75 


0.78 


0.005 


0.003 


3.80 


1.53 


0.90 


1.65 


0.89 


0.81 


0.003 


0.005 


0.004 


13 




> 0.B0 


0.75 


0.020 


0.006 


4.50 


1.40 


0.40 


0.540 


0.05 


0.05 


0.003 


0.005 


0.004 


14 




> 0.65 


0.50 


0.016 


0.012 


4.80 


1.70 


0.65 


0.021 


0.05 


0.02 


0.003 


0.012 


0.002 


1 5 


0.37 


0.45 


0.40 


0.018 


0.006 


5.10 


2.30 


0.55 


0.120 


0.08 


0.02 


0.001 


0.004 


0.003 


1 6 




>L0.33> 


fo-jS) 


0.015 


0.008 




(1.40) 


0.20 


0.100 


0.13 




0.002 


0.003 


0.009 


1 7 


0.40 


0.30 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.025 


0.03 


0.04 


0.001 


0.004 


0.002 


18 




> 0.25 


0.40 


0.008 


0.008 


5.15 


1.43 


0.30 


0.022 


0.03 


0.03 


0.002 


0.010 


0.002 


1 9 


07*5 


0.30 


0.85 


0.015 


0.008 


2.50 


2.80 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.009 



[00 56] 
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6 
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it 
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. U 


99 


8 


25 


17.0 


2 






iq n 
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1U 


8 


23 


15.4 


3 




ft 

00 V 


97 n 
« # • u 


1 A 


7 


32 


20 .4 


4 


AT ft 




18 • 3 


29 


6 


45 


18.8 


5 


48 • 0 




19 n 




4 


78 


17.0 


6 


Aft ft 




19 n 




4 


80 


39.1 




dfi ft 




An 9 


9ft 


5 


58 


16 .3 


8 


47 « 5 




£ft A 
DU . V 


•> 
« 


4 


70 


14 .4 


09 


9 


d7 ft 


7 


17 9 


2 


3 


172 


20.1 


1 0 


46 . 5 


£r I 
/«*» C/ 


99 1 


4 


4 


75 


18 . 6 


1 1 


48.0 




24.6 


10 


4 


70 


18.4 


1 2 


47.0 


&u 


23.6 


14 


6 


48 


19.0 


1 3 


47.0 


fcL 


28.3 


20 


8 


30 


11.8 


1 4 | 


48.0 




24.0 


10 


8 


18 


9.7 


1 5 


47.0 


fct 


22.3 


13 


8 


30 


18.0 


1 6 


48.0 


fcb 


21.5 


10 


8 


35 


45.8 


1 7 | 


47.0 


&L 


23.2 


14 


6 


42 


20.3 


1 8 


46.5 


frL 


28.0 


29 


4 


68 


23.5 


1 9 | 


48.0 


fcL 


33.0 


2 


4 


67 


45.6 



[0057] mttcommt. 9 8 0~1 0 5 0'Cx 3 0 

MkZXh.®. 5 0 0~6 7 0X:x2Sfrax2[HlMM5ll 
S£U «S£4 6HRCfcWBU SKD6 1«95g» 
«DttfB*5 0fcL-CJSWfcU £0>ta*fcJ:9. flffll 

[0058] ttHttOffffti:* fig l OmraWW X« 
TiN3— F-fy/XVFS/WCT, 0feaLS52Or 
Pm. 104 0mm/», ffl 0&*ffcfrfa 1 5mmX\ 30 
¥«#fo0. 5mmt. ^{CTMBflOIfcgJIU 2 
mfcTXJlalliratfmU Uitf>3WHi, iff six 
ttSBWSa-CgttU:. ftHfifittSli. $gg 

[ 0 0 5 9 ] ttft&tt, JISG05 5 1CJ:StSfifi* 



[0060] b-h^-x-y^lS^Ji. itS 3 0 mm. ft 
S5 0mm<7)ttge«^^^^i[rafitTjD^L. $9 
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